Episodic memory was initially believed to be unique to humans. However, studies demonstrate that nonhuman species discriminate items based on the triad what, where and when. Here we addressed the role of the dorsal hippocampal subfield CA1 in an integrative what-where-when task in Wistar rats. We performed bilateral inactivation of dorsal CA1 with the GABA A agonist muscimol previously to the task. As expected, sham-operated animals recollected an integrative memory for objects (what), their places (where) and temporal order (when). However, the inactivation of CA1 impaired the performance of the three components of episodic-like memory. In addition, total time of objects exploration and distance traveled were not different between groups, indicating that rats had similar levels of motivation, thus, alterations in exploration does not account for impaired locomotor performance. Altogether, our data provides evidence that CA1 plays an important role in episodic-like memory.
Introduction
Human episodic memory refers to the recollection of a unique event rich in spatial and temporal contents (Tulving, 2002) . In other words, episodic memory stands for a personal experience of what happened, where and when. In rats, it has been studied as an integrated memory for objects, places and temporal order (Binder, Dere, & Zlomuzica, 2015; Kart-Teke, De Souza Silva, Huston, & Dere, 2006) .
The what-where-when episodic-like memory task (WWWhen/ ELM task; Kart-Teke et al., 2006) combines three different tasks that distinctly evaluate what, where or when (non-associative tasks; Ennaceur & Delacour, 1988; Ennaceur, Neave, & Aggleton, 1997; Mitchell & Laiacona, 1998, respectively) . The behavioral output of these tasks is based on rats' motivation to explore novelty. From the past decade onwards, the WWWhen/ELM task has been providing great insights about episodic-like memory. The WWWhen/ELM task has three sessions (''sample 1", ''sample 2" and ''test"); which lasts 5 min each and are 1 h apart. In the first session, animals explore 4 objects ''A". In the second session, 4 new objects ''B" are presented, with 2 of them in the same positions of objects ''A" and 2 in new positions. In the last session, animals explore 4 objects, 2 copies of ''A" and 2 copies of ''B". In this session, one copy of each type of object is displaced relative to its initial position (A2 and B2), while the other copy remains stationary (A1 and B1). The pattern expected is the exploration of A1 > B1 (temporal memory), B2 > B1 (spatial memory) and A1 > A2 (integrative memory). Kart-Teke et al., 2006 proposed that this ''A1 > A2" inverted pattern represents integration, as opposed to a design used in the previous study by the same group (Dere, Huston, & De Souza Silva, 2005) . In the latest study, they only displaced the old objects, and animals explored ''A2" more than ''A1", but this result may reflect a non-associative memory for ''where". When they also displaced recent objects in the WWWhen/ELM task (Kart-Teke et al., 2006) , they found the inverse pattern and suggested that the animals integrated ''what" happened together with time and space.
In 2012, we temporarily inactivated CA1 and tested the animals in the protocol from Dere et al. (2005) , but with an intersession interval of 24 h between ''sample 2" and ''test", extending the knowledge about the role of temporal lobe areas in the task at that time (Barbosa, Pontes, Ribeiro, Ribeiro, & Silva, 2012) . The main difference between the protocols (Dere et al., 2005; Kart-Teke et al., 2006) is that the test phase evaluates different constructs, even though sample phases are similar. While Dere et al. (2005) task do not assess integration, the WWWhen/ELM task (Kart-Teke et al., 2006) does.
In the present study, we also used temporary inactivation, because permanent lesions could reflect a pathological situation, possibly showing how other areas work without the hippocampus instead of how the hippocampus works itself (Cohen & Stackman, 2015; Cohen et al., 2013) . It should be noted that permanent lesion techniques offer a good precision relative to the total area affected. Conversely, a pharmacological inactivation would reach this precision only if a fluorescent drug was applied to determine exact area of inactivation. To minimize this issue in our study, we used the same coordinates, dose, and volume of muscimol as a previous study by our group with fluorescent muscimol (Leão et al., 2016) . In that study, fluorescent muscimol diffusion was limited to the dorsal CA1 region.
The construction of episodic memory requires a complex processing that involves the hippocampus and other areas, such as the entorhinal, perirhinal, postrhinal and medial prefrontal cortices (Aggleton, 2014; Kesner & Rolls, 2015) . Previous studies have shown that CA1 processes temporal and spatial aspects of different memory tasks (Binder et al., 2015; Hoge & Kesner, 2007; Lee, Hunsaker, & Kesner, 2005) . Over the last decade, studies showed, in rodents, the involvement of the medial prefrontal cortex (mPFC), perirhinal cortex (PRH) and CA3 in the WWWhen/ELM (Barbosa et al., 2013; Chao, Huston, Nikolaus, & de Souza Silva, 2016; De Souza Silva, Huston, Wang, Petri, & Chao, 2015; DeVito & Eichenbaum, 2010; Li & Chao, 2008) . The study of hippocampal sub-regions is necessary to better understand functionality between anatomical areas. Here we investigate the role of CA1 in the WWWhen/ELM task, a protocol that in one single test (episode), can evaluate spatial and temporal aspects as well as the integration of both.
Materials and methods

Animals
Twenty-four male Wistar rats (3-4 months old, 270-360 g) were used in this study. The rats were housed in groups (4-5 per cage) under controlled temperature (24 ± 1°C) and 12-h lightdark cycle (lights on 6:30 am), and testing was carried out during the light phase. Water and food were available ad libitum. Animals were handled according to the Brazilian law for the use of animals in scientific research (Law Number 11.794) and all procedures were approved by the local ethics committee (protocol number 050/2015). All efforts were made to minimize animal pain, suffering, or discomfort as well as the number of rats used in all experiments.
Surgery
Animals were anaesthetized with intraperitoneal ketamine (100 mg/kg) and xylazine (50 mg/kg). Afterward, the rats were positioned in a stereotaxic apparatus (Insight, Brazil) and the skull was exposed. Stainless guide cannulae (22 gauge, 12 mm) were implanted bilaterally in the dorsal hippocampus subregion CA1.
The stereotaxic coordinates from bregma for guide cannula placement in the dorsal CA1 were anterior-posterior (AP) = À3.4 mm, medial-lateral (ML) = ±2.0 mm and dorsal-ventral (DV) = À2.0 mm. The guide cannula tips were placed 1 mm above the injection site to minimize damage to the area of interest and were anchored to the skull with steel screws and dental acrylic, and a stainless steel wire was inserted to protect it from obstruction. After surgery, animals received anti-inflammatory (sodium diclofenac 75 mg/ml, i.m.) and antibiotic (penicillin 60.000 UI/ml, i.m.) treatments. Animals were given 2 days of recovery before the handling procedures, totalizing 07 days for post-operative recovery before the start of the behavioral procedures.
Apparatus and objects
Behavioral tests were carried in a sound-attenuated room with controlled light intensity (10 lux at the center of the apparatus). A circular open field (60 Â 45 cm) was used to assess object exploration. Distant and proximal cues were respectively placed in the room and apparatus. Five sets of objects in quadruplicate were used randomly across experiments. The objects were made of plastic and differed in height (5-10 cm), width (5-10 cm), color, texture, and shape. All objects were filled with plaster to ensure that animals would not displace them. The apparatus and objects were cleaned with 5% alcohol solution after each session and all sessions were recorded by a digital camera placed 2 m above the apparatus.
Experimental procedures
The experimental procedures were similar to Kart-Teke et al. (2006; see Fig. 1 ). All animals were handled for 20 min/day for 5 days. After handling animals went through 3 days of habituation to the open-field without objects. The task was carried out one day after the habituation.
The selective GABA A agonist muscimol (Sigma, USA) was used to temporarily inactivate CA1 (Edeline, Hars, Hennevin, & Cotillon, 2002; Leão et al., 2016) . The drug was administered bilaterally (0.2 ml per side) at the dose of 0.2 mg. The same volume of saline solution (0.9% NaCl) was given to the sham-operated group. The infusion was performed via a microsyringe pump (Insight, Brazil) using 10 ml Hamilton syringes connected to polyethylene tubes. The injection needles were left for 30 s in the guide cannulae to completely diffuse the drug from the needle tip. After the injection, rats were placed in the home cages for 20 min before the first sample trial of the task. The dose and volume were chosen based on previous studies (Edeline et al., 2002; Leão et al., 2016) .
Histology
Upon completion of the experiment, rats were deeply anesthetized with sodium thiopental (100 mg/kg, i.p.) and perfused intracardially with saline followed by a 10% paraformaldehyde solution. Afterward, the brains were infused with methylene blue at 0.2 ml and stored in 10% paraformaldehyde associated with 30% sucrose at 4°C for 72 h before being frozen and sectioned into 50 mm slices using a cryostat (Leica, Germany). The sections were mounted onto glass slides and Nissl stained with cresyl violet. The slides were examined under the microscope to verify of the exact placement of the cannulae and the infusion needle tip. Only data from animals with correct cannulae placement were computed for statistical analysis. A scheme and an example image of the cannulae placement are depicted in Fig. 2(A and B) .
Behavioral analysis
Object exploration and total distance traveled were respectively analyzed by two tracking software: Ethowatcher (Crispim Junior et al., 2012) and Any-maze (Soelting, USA). Object exploration was computed when the animal approached objects and had active physical contact with them using snout, vibrissae or forepaws.
Other behaviors, such as contacting the object while visually exploring the environment, and standing close to the object without exploring it, were not considered as object exploration. The analysis of object exploration was conducted by an experimenter blind to object condition and experimental groups.
Exploration ratios for each object and discrimination indexes for each expected pattern of exploration were calculated (DeVito & Eichenbaum, 2010; Inostroza, Brotons-Mas, Laurent, Cid, & de laPrida, 2013) . The exploration ratio is a measurement of how Fig. 1 . Experimental design. Animals explore 4 objects in a circular arena during 5 min in three sessions spaced by 1 h. In the first session (''Sample 1"), objects A are placed in 4 out of 8 different positions. In the second session (''Sample 2"), 4 objects B are placed, 2 of them in the same position previously occupied by objects A. Finally, during the third session (''Test") two objects A and two objects B are placed in the arena in either stationary (A1 and B1) or displaced positions (A2 and B2) relative to the sample sessions. Twenty minutes before Sample 1, animals are infused with either saline (0.2 ml) or muscimol (0.2 mg/0.2 ml). Sham-operated animals tend to explore A1 > B1 (''temporal pattern"), B2 > B1 (''spatial pattern") and A1 > A2 (''integrative pattern"). A1: old stationary; A2: old displaced; B1: recent stationary; B2: recent displaced. As mentioned, the WWWhen/ELM task can evaluate spatial and temporal aspects as well as the integration of both. much an object was explored relative to the exploration of all objects. The discrimination index expresses how much an object is discriminated relative to another object. We calculated three indexes:
Temporal Index = (time exploring A1 -time exploring B1)/ (time exploring A1 + time exploring B1); Spatial Index = (time exploring B2 -time exploring B1)/ (time exploring B2 + time exploring B1); Integration Index = (time exploring A1 -time exploring A2)/ (time exploring A1 + time exploring A2).
Statistical analysis
We tested data for normality using Shapiro-Wilk's test, and for homogeneity using Levene's test. Parametric tests were used as data showed a normal distribution, and correspondent F and t values were adopted according to the homogeneity of variance. A general linear model (GLM) with repeated measures was applied to assess the total time of exploration, exploration ratios and discrimination indexes in each group. Also, paired sample t-tests and one sample t-tests were conducted for exploration ratios and discrimination indexes, respectively. Two-tailed statistical comparisons were applied and the significant level was set at p < 0.05. We also calculated the effect size for each t-test and the GLM using G⁄Power 3 (Faul, Erdfelder, Buchner, & Lang, 2009 ).
Results
For exploration ratios, the repeated measures GLM with ''objects" as within-subject and ''groups" as between-subject factors showed groups Â objects interaction [F(3,51 (Fig. 3A) .
For discrimination indexes, the repeated measures GLM with ''indexes" as within-subject and ''groups" as between-subject factors revealed a significant effect of groups [F(1,17 A priori one-sample t-tests showed significant effects for the saline group in all indexes evaluated in the test trial: temporal index [t(10) = 3.798, p = 0.003; dz = 1.17]; spatial index [t(10) = 3.583, p = 0.005; dz = 1.08] and integration index [t(10) = 2.551, Fig.3 . Intra-hippocampal muscimol impairs episodic-like memory. (A) Exploration ratios. Saline-treated animals (n = 11) preferred the old stationary (A1) and recent displaced (B2) objects, while muscimol-treated animals (n = 8) exhibited no object preference. (Fig. 3B) .
For total time of exploration, the repeated measures GLM with ''trials" as within-subject and ''groups" as between-subject factors showed no differences for trials [F(2, 34 (Fig. 3C) .
Regarding the total distance traveled, repeated measures GLM considering within factor ''distance" and between factor ''groups" were used. In this particular analysis, Mauchly's Test of Sphericity indicated that the assumption of sphericity had been violated (Fig. 3D) . Incidentally, the data of three animals (two animals of the saline group and one animal of muscimol group) were lost, consequently, the degrees of freedom changed in this particular analysis.
Discussion
Here we addressed the role of dorsal hippocampal subregion CA1 in a task that assesses integrated aspects of episodic-like memory. Bilateral infusions of the GABA A agonist muscimol impaired episodic-like memory in rats. Our results showed that, compared to the experimental group, the sham-operated group had an adequate performance by both behavioral measures (exploration ratio and DI) of object recognition with high and medium effect sizes (Fig. 3A and B) .
Indeed, the exploration ratios and discrimination indexes showed that the sham-operated group had an integrated episodic-like memory, as opposed to animals with CA1 inactivation. In addition, sham-operated animals did not differ from an untreated group (n = 10) that only went through the behavioral task. Wilcoxon paired sample comparisons showed high effect size for all aspects of episodic-like memory: A1 Â B1 [t(9) = 2.810, p = 0.005; d = 3]; B2 Â B1 [t(9) = 2.803, p = 0.005; d = 1.6] and A1 Â A2 [t(9) = 2.807, p = 0,005; d = 1.8] (data not shown; manuscript in preparation). These results corroborate previous literature (Kart-Teke et al., 2006; Li & Chao, 2008) . Further, groups did not differ when the total time of exploration or total distance traveled were analyzed, excluding the possibility of a lack of exploration or a locomotor deficit in the muscimol group (Fig. 3C and D) .
Our results corroborate data showing that dorsal hippocampal subfield CA1 is associated with temporal order processing (Hunsaker, Fieldsted, Rosenberg, & Kesner, 2008) as well as spatial processing (Barbosa et al., 2012; Lee et al., 2005) . We recently reported, using the same task as Dere et al. (2005) , that muscimol infusion to dorsal CA1 before sample 1 impaired both temporal and spatial aspects of the task (Barbosa et al., 2012) . This may happen because CA1 is important for spatial processing, and also because it receives direct afferents from temporal lobe structures associated with spatial recognition (Binder et al., 2015; Kealy & Commins, 2011) . Aforementioned, there are differences between the nonintegrative protocol (Dere et al., 2005) and the integrative WWWhen/ELM task (Kart-Teke et al., 2006; the task we used in this study), the main difference regards the displacement of recent objects in WWWhen/ELM task, making possible to see the relation of displacement between recent and familiar objects in a single pattern of exploration (object A1 > A2).
Lesion studies suggest that the hippocampus processes more complex information than extrahippocampal areas (Eichenbaum, Sauvage, Fortin, Komorowski, & Lipton, 2012) . In this respect, many studies indicate that the hippocampus is not involved in the spontaneous object recognition task (SOR) (Chao et al., 2016; Langston & Wood, 2010; Mumby, Gaskin, Glenn, Schramek, & Lehmann, 2002; Wilson, Langston, et al., 2013; . Conversely, the perirhinal cortex is pointed as crucial to the processing of 'what' information (Chao et al., 2016; Kealy & Commins, 2011) . It is also has been suggested that the hippocampus and other temporal lobe areas are organized in a hierarchy, in which the hippocampus would be involved in more complex and associative processes (Eichenbaum et al., 2012) .
However, few studies have shown a role of the dorsal hippocampal subfield CA1 in the SOR (Cohen et al., 2013; De Lima, Luft, Roesler, & Schröder, 2006) . Notably, the main difference of the results in those studies regards the method used to see the role of the hippocampus in the SOR task. While the studies that indicate that the hippocampus is not involved in the SOR task use permanent lesions, the studies that implicate the hippocampus in this task use temporary inactivation.
Different subfields of the dorsal hippocampal formation have been pointed as essential to aspects of episodic-like memory processing, along with different temporal lobe areas. CA3 has been related to spatial associative processes (DeVito & Eichenbaum, 2010; Li & Chao, 2008) . CA1 receives direct inputs from CA3, medial and lateral entorhinal cortices, perirhinal cortex and subiculum (Kealy & Commins, 2011) . There is evidence proposing an anatomical functional specification of temporal lobe areas (DeVito & Eichenbaum, 2010; Hoge & Kesner, 2007; Li & Chao, 2008; Binder et al., 2015; Chao et al., 2016; Kealy & Commins, 2011) . These studies also give support to the proposal of functional hierarchy between temporal lobe areas (Eichenbaum et al., 2012) .
Here we show that CA1 inactivation impairs all aspects of the WWWhen/ELM task when treated animals are compared to sham-operated rats. The study of memory processing and phases of memory formation were not taken into account because the drug was active through all trials (Edeline et al., 2002) . In our lab, we previously tried to adapt the WWWhen/ELM task to larger inter-trial intervals (3, 4 and 24 h) between sample 2 and test, but these efforts were unsuccessful (data not published). Although the current status of the WWWhen/ELM task does not seem to allow proper separation between acquisition, consolidation, and retrieval, recent work has been addressing this question. Inostroza, Binder, and Born (2013) evaluated the role of sleep deprivation in the consolidation-retrieval process of the task, with an 80-min interval between sample 2 and test. Other studies also tested larger inter-trial intervals, but the behavioral pattern of the task was not fully replicated (see Barbosa et al., 2013; Belblidia et al., 2015; Chao, Nikolaus, & Düsseldorf, 2014; Oyanedel et al., 2014) . Thus, the issue of the separation of memory phases in this task remains to be clarified.
Taken together, the above-mentioned data supports our present findings. It is known that CA1 processes temporal and spatial information, as we discuss in the manuscript, and hence it could be hypothesized as important to the integration aspect itself. Following this hypothesis, we consider that the protocol we used in this study answered this yet unsolved question. Indeed, in more than a decade of WWWhen/ELM task, no published study has ever clarified this issue, making our results important to the knowledge of the involvement of CA1 in ELM.
